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The relation between a QRS score derived from the rou-
tine electrocardiogram and left ventricular function was
investigated in 181 patients after myocardial infarction.
Patients with left ventricular hypertrophy and conduc-
tion defects were excluded. The QRS score correlated
closely with the severity of wall motion abnormalities
and left ventricular ejection fraction. The more severe
the dyssynergy, the higher the QRS score (hypokinesia
= 3.0; akinesia = 5.4; dyskinesia = 9.1). The left ven-
tricular ejection fraction (percent) =66 - (3.3 x QRS
score) (correlation coefficient Ir) = -0.81 , probability
[p) < 0.(01). With use of this regression equation , the
QRS score predicted angiographic left ventricular ejec-
tion fraction to within 12% of the angiographic ejection
fraction in 29 of 30 additional patients studied prospec-
Left ventricular ejection fraction is an important prognostic
factor after acute myocardial infarction . Recently. Palmeri
et al. ( I) described a QRS scoring system based on the 12
lead electrocardiogram that quantifies the amount of myo-
cardial necrosis and accurately estimates radionuclide left
ventricular eject ion fraction after myocardial infarction . The
score has high level s of specificity for identifying myo-
cardi al infarction and excellent observer agreement has been
demon strated (2).
In this study, we appli ed the QRS score to patient s sur-
viving a first acute myocardial infarction who underwent
prospective cardiac catheterization. The purpose of the study
was to compare the QRS score with left ventricular eject ion
fraction , relate the score to cl inical and biochem ical esti-
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tively. The QRS score was also related to clinical func-
tional class. The worse the clinical manifestation of left
ventricular dysfunction, the higher the QRS score (Killip
class I = 3.5; class II = 6.5; class III = 7.1).
A QRS score greater than or equal to 7 had a spec-
ificity of 97% and a sensitivity of 59% for predicting an
ejection fraction of less than 45%. Patients with a QRS
score of 7 or greater had severe wall motion abnormal-
ities, higher peak serum creatine kinase levels, higher
prevalence of multivessel coronary disease, poor clinical
functional class and an unfavorable outcome. The QRS
score provides an inexpensive, clinically useful estimate
of left ventricular function after myocardial infarction
and can identify patients at high risk.
mates of infarct size and coro nary anatomy and extend the
observation of Palmeri et al. ( 1,2) by relating the score to
prognosis.
The relation between QRS score and angiographic ejec-
tion fraction was determined in 181 patients. The regression
coefficient der ived from the 181 patients was used to predict
the ejection fraction from the QRS score in the next 30
eligible patients and the predicted ejection fraction was com-
pared with the angiographic ejection fraction .
Methods
Study patients. From October 1976 to June 1981, 197
of 267 patients surviv ing a first myocardial infarction under-
went prospect ive cardiac catheteriza tion 2 week s (median
time) after the event. Seventy patients did not have angi-
ography becau se they had other noncardiac diseases influ-
encing their progno sis or complications precluding cathe-
terization or because they refused catheterization . Another
16 patients were excluded from the study because of left
ventricular hypertrophy , left anterior hemiblock, bundle
branch block or intraventri cular conduction defect.
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The remaining 181patientsformed the study population,
There were 156 men and 25 women with a mean age of 50
years (range 29 to 60). Myocardial infarction was defined
as the occurrence of at least two of the following three
criteria: 1) a history of typical chest pain, 2) development
of new abnormal (>30 ms) Q waves, or 3) an increase in
serum creatine kinase levels to twice the upper limit of
normal (normal = 150 IU), Clinical information was col-
lected prospectively for each patient and stored in a com-
puterized data base, Patients were followed up for a median
time of 36 months (range 12 to 54), Standard 12 lead elec-
trocardiograms were recorded at a 25 mm paper speed the
day before cardiac catheterization and scored according to
the 29 point system described by Palmeri et al. (1,2) on the
basis of Q and R wave duration and R to Q and R to S
amplitude ratios (Table 1),
From July 1981 to April 1982, an additional 30 patients
who met the preceding entry criteria had a QRS score cal-
culated from the discharge electrocardiogram. To assess
the accuracy of the score in predicting the angiographic
ejection fraction, the scores of this group were applied to
the calculated linear regression equation and compared with
ejection fractions derived from angiography performed at
Table 1 QRS Scoring System (Ref. 1-3)
Cntena (no. of points)
Results
1.6 ± 1.7
44 ± 2.5
8.3 ± 6.7
QRS Score'
<001
3.5 ± 2.7
6.5 ± 42
7 I ± 4 I
< 0.01
EF ('7c)*
61 ± 9
51 ± 12
43 ± 15
55 ± 12
48 ± 14
33 ± 14
58
74
49
137
31
13
Pts
(no.)
Infarct type
Non-Q wave
Infenor
Antenor
p value
Table 2. QRS Score and Ejection Fraction (EF) III Patients
With Myocardial Infarction
the time of discharge. In this group, there were 26 men and
4 women with a mean age of 50 years (range 36 to 60).
Coronary angiography. Coronary angiography was
performed in multiple projections using either the femoral
or brachial artery approach. The maximal stenosis in each
coronary artery (right, left circumflex and left anterior de-
scending) was recorded. Significant stenosis was defined as
greater than 70% luminal diameter narrowing. Left ven-
tricular cineangiography was performed in the 30° right
anterior oblique projection and ejection fraction was cal-
culated using a standard technique (3). Wall motion in the
anterior, apical and inferior wall segments was graded as
normal, hypokinetic, akinetic or dyskinetic.
Statistical analysis. Data are presented as mean values
_ standard deviation and were analyzed using unpaired t
tests and standard regression analysis. The chi-square test
was used for nonquantitative comparisons. One-way anal-
ysis of variance was used for quantitative comparisons among
groups. The probability of survival was estimated by the
Kaplan-Meier life table method.
Clinical characteristics. There were 137 patients in
clinical Killip class I (Table 2). These patients had the
highest ejection fraction (mean = 55 ± 12%) and the lowest
QRS score (mean 3.5 ± 2.7). The 31 patients in Killip
class II had an intermediate ejection fraction (mean 48 ±
14%) and an intermediate QRS score (mean 6.5 ± 4.2),
and the 13 patients in Killip class III had the lowest ejection
fraction (mean 33 ± 14%) and the highest QRS score (mean
7.1 ± 4.1). Patients with a QRS score of 7 or greater had
on average twice the peak creatine kinase levels of patients
with a score of less than 7 (2,156 ± 1,701 compared with
1,119 ± 831) (p < 0.01), and this was associated with a
lower ejection fraction and a higher incidence of left ven-
tricular failure (Table 3).
Cluneal class
I
II
III
p value
3
4
3
2
2
4
3
2
5
Maximal
Point>
R/S> 1(1)
Amphtude Ratio
R/Q or R/S < 0 5(2)
R/Q or R/S < 1(1)
R/Q or R/S < 1(2)
R/Q or R/S < 2(1)
R/Q or R/S < 1(2)
R/Q or R/S < 3(1)
R/S> 15(1)
R/Q < 1(1)
R/Q < 1(2)
R/Q> 1(1)
R/Q < 2(1)
Durauon
Q> 30 msr l)
Q> 30 ms(l)
Q> 30 ms(l)
Q > 40 ms(2)
Q> 30 ms(l)
Q> 30 ms(l)
Q > 50 ms(3)
Q > 40 ms(2)
Q> 30 ms(l)
Any Q(I)
R> 50 ms(2)
R > 40 ms(l)
Any Q or R
< 20 rnstl )
R > 60 ms(2)
R> 50 ms(l)
Any Q or R
< 30 ms(l)
Q> 20 ms(l)
v,
Lead
v,
aVL
aVF
II
Numbers in parentheses in the body of the table after each electrocar-
diographic lead refer to the points scored for each cntenon m each lead
"Values shown are mean ± I standard deviatron. p = probability.
pts. = patients.
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Table 3. Comparison Between Patients With QRS Score Less Than 7 and Those With QRS Score 7 or Greater
Patients (no.)
Peak creatme kinase
level (lU)
Patients m Kilhp
class II to III (no., %)
Ejection fraction (%)
Patients with akmetrc
or dyskinetic LV
segments (no., %)
Patients with
mulnvessel CAD
(no., %)
QRS Score
<7
140
1,119 ± 831
22; 16%
56 ± II
63; 45%
35; 25%
QRS Score
2::7 p Value
41
2,156 ± 1,701 <001
22,54% <0.001
38 ± 10 <0.001
37; 90% <0.001
20; 49% <0.01
CAD = coronary artery disease, LV = left ventncular.
Infarct site and type, ejection fraction and QRS
score. The correlation between QRS score and angio-
graphic left ventricular ejection fraction is shown in Figure
1. The correlation coefficient (r) was 0.81 (p < 0.00 I). The
linear regression equation to estimate left ventricular ejec-
tion fraction from the QRS score was ejection fraction =
66 - 3.3 x QRS score, with a standard error of the estimate
of 9%. The QRS score varied according to the site and type
of myocardial infarction, reflecting the amount of myo-
cardial necrosis. In 49 patients with anterior Q wave myo-
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Figure 2. Correlation between QRS score and angiog raphic left
ventricular ejection fraction in patients with antenor (A), inferior
(B) and non-Q wave (C) infarction.
the mean left ventricular ejection fraction was 61 ± 9%
(Table 2).
The best correlation between the QRS score and the left
ventricular ejection fraction was observed in patients with
anterior infarction (r = 0.83), compared with 0.64 in pa-
tients with inferior infarction and 0.78 in patients with non-
Q wave infarction (Fig. 2).
The ejection fraction was less than 45% in 34 (84%) of
41 patients whose QRS score was 7 or greater and exceeded
45% in 116 (83%) of 140 patients whose QRS score was
less than 7 (p < 0.001). The sensitivity and specificity of
a QRS score of 7 or greater for predicting an ejection fraction
of less than 45% were 59 and 94~ , respectively. The pre-
dictive accuracy was 83%.
QRS score and prediction of ejection fraction. Of the
30 patients whose predicted left ventricular ejection fraction
was compared with subsequent measured ejection fraction,
16 had anterior infarction, 9 had inferior infarction and 5
had non-Q wave infarction. The correlation between pre-
dicted and measured ejection fraction is shown in Figure 3
(r = 0.85 [p < 0.01], standard error of the estimate =
8%). In 29 of the 30 patients, the predicted ejection fraction
was within 129C of the angiographic ejection fraction and
in 25 patients it was within )0%.
Wall motion . The severity of wall monon abnormalities
was related to ejection fraction and QRS score (Table 4).
Patients with normal wall motion had a mean ejection frac-
tion of 67% and a mean QRS score of 0 .7; those with only
hypokinesia had a mean ejection fraction of 56% and a QRS
score of 3.0; those with an akinetic segment had an ejection
fraction of 48o/c and a mean QRS score of 5.4; and those
r= -0.64
SEE=9.3
Y=65-3.2 x
2 3 4 5 6 7 8 9 10
QRS score
o 1
7
60
20
10
cardial infarction, the mean QRS score was 8.3 ± 6.7 and
the left ventricular ejection fraction was 43 ± 15%. In 74
patients with inferior Q wave myocardial infarction, the
QRS score was 4.4 ± 2.5 and the mean left ventricular
ejection fraction was 51 ± 12%. In patients with non-Q
wave infarction, the mean QRS score was 1.6 ± 1.7 and
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Figure 3. Correlation between left ventricular ejec-
lion fraction calculated from QRS score (abscissa)
andejection fraction measured at ume of cardiaccath-
eterization (ordinate) in 30 patients studied
prospectively.
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with a dyskinetic segment had a mean ejection fraction of
35% and a QRS score of 9.1.
Coronary artery anatomy. Although this study was
limited to patients surviving a fi rst infarction, ejection frac-
tion was related to coronary anatomy (Table 5). In the 126
patients with single vessel coronary artery disease, the mean
ejection fraction was 54 ± 13%; in the 45 patients with
two vessel disease it was 49 ± 14% and in the 10 patients
with three vessel disease it was 41 ± 16%. These differ-
ences in left ventricular function were reflected in the QRS
score with mean scores of 3.9 ± 3.2. 5.0 ± 3.6 and 6.3
± 3.0 for patients with one, two and three vessel disease,
respectively. Similarly, multivessel disease was more prev-
alent in patients with a QRS score of 7 or greater (49%),
than in those whose score was less than 7 (25%) (p < 0.0 1).
Outcome. Five patients with a QRS score of 7 or greater
and one with a QRS score less than 7 died during the follow-
up period. The patient with a score less than 7 who died
had an inferior infarction and an ejection fraction of 12%
associated with total occlusion of the major branches of all
three coronary arteries. The cumulative survival for patients
with a QRS score of 7 or greater was 87 ± 0.6% at I year
and for those with a score less than 7, survival was 99 ±
0. 1% at I year (Fig. 4). Survival at I year for patients with
an ejection fraction less than 45% was 89 ± 0.5% and for
those with an ejection fraction of 45% or greater it was 99
± 0. 1%.
Discussion
Left ventricular function is an important predictor of out-
come in survivors of myocardial infarction (4,5) . Palmeri
et al. ( I) have shown that the QRS score correlates well
Table 4. Correlation Between Segmental Wall Motion. Ejection
Fraction (EF) and QRS Score in Patients (pts.) With Myocardial
Infarction
*Values shown are mean :: standard dcv rauon .
Wall Motion
Normal
Hypokinesia
Akinesia
Dyskinesia
Pts.(no)
20
57
95
9
EF (%) *
67 :: 8
56 :: I I
48 :: 13
35 :: 14
QRS Score*
07:: 1 0
3.0:: 2 3
5.4 :: 30
9 I = 5.5
Table 5. Relation Between Coronary Anatomy. Ejection
Fraction (EF) and QRS Score
Coronary Artery PIS. QRS
Anatomy (no.) EF (o/c)* Score*
Single vessel 126 54 :: 13 3.9 :: 3.2
disease
Double vessel 45 49 :: 14 5.0 :: 3.6
disease
Tnp le vessel 10 4 1 :: 16 6.3 :: 3.0
disease
*Values shown are mean :: standard deviation
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Figure 4. Cumulative survival for patients with a QRS score of
7 or greater and less than 7 (right panel) and for patients with
angiographic left ventricular ejection fraction of 45% or greater
and less than 45% (left panel). Note that the QRS score predicted
survival as well as ejection fraction .
with radionuclide ejection fraction. In this study, we dem-
onstrated a similar correlation with angiographic ejection
fraction measured at the time of hospital discharge. As ex-
pected, the QRS score is also related to estimates of left
ventricular damage, made by clinical functional class and
peak creatine kinase levels. Because QRS score correlates
well with left ventricular function, it also gives a good
prediction of survival and it is likely that it will be useful
for identifying high risk patients.
The QRS scoring system. The value of the QRS com-
plex in quantifying myocardial damage is well established,
but previous methods have used multilead precordial map-
ping (7,8), which is technically difficult and of no use for
inferior myocardial infarction (6,8). The advantage of the
QRS score is that it is calculated from a routine 12 lead
electrocardiogram. It can be derived without risk in any
patient who does not have left ventricular hypertrophy or
conduction defects. Previous indexes derived from the rou-
tineelectrocardiogram have not correlated well with ejection
fraction . UsingR wave amplitude, Askenazi et al. (9) found
that the correlation with ejection fraction was 0.49 for dia-
phragmatic infarction and 0.56 for anterior infarction. The
QRS scoring system, which takes into account the duration
and amplitude ratios of the QRS complex, appears to be a
better predictor of ejection fraction. In this study, we used
the QRS score in patients with a first infarction; it is still
unclear whether it is as useful in patients who have had
more than one infarction.
QRS score versus ejection fraction. The application of
the QRS score to individual patients has been questioned
and examples of a disparity between the QRS score and left
ventricular ejection fraction have been presented (10). In
the prospective group in this study, the QRS score allowed
a good estimation of left ventricular ejection fraction. The
difference between the calculated ejection fraction and the
ejection fraction measured at angiography exceeded 12% in
only one patient. It is important to note that the QRS score
was designed as a measure of myocardial necrosis (11).
Eventhough the amount of myocardial necrosis is obviously
an important factor in determining ejection fraction, there
are other factors involved. Any condition that depresses left
ventricular function in noninfarcted areas will cause a dis-
crepancy between estimated and calculated left ventricular
ejection fraction. The presence of a cardiomyopathy and
also extreme myocardial ischemia would do this (12,13).
Thus, a discrepancy may be due to the existence of either
periinfarctional or remote ischemia (1 4).
QRS score versus extent of coronary artery disease.
In this study, one patient with a low QRS score and an
unexpected large reduction in ejection fraction was shown
to have severe three vessel coronary artery disease. As left
ventricular ejection fraction can be measured noninvasively
soon after infarction, the potential for such a discrepancy
to identify patients with jeopardized myocardium should be
investigated. Although myocardial infarction generally re-
sults from occlusion of only one artery, the magnitude of
the QRS score and degree of impairment of left ventricular
function were related to the number of stenosed vessels.
This implies that the presence of disease in vessels other
than the occluded vessel tends to lead to a larger infarct.
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One explanation is that the disease in other vessels impairs
collateral blood flow into the infarcted zone (15); however.
this observation requires further study.
Prognostic implications. The prognostic significance of
the left ventricular ejection fraction after acute myocardial
infarction is now well established (4,5,16). In this study,
the ejectionfraction could be reliablyquantified by the QRS
score, reflecting both the degree of left ventricular dys-
function and the extent of coronary artery obstruction . A
score of 7 or greater appeared to be as useful as an ejection
fraction of less than 45% in identifying patients with an
increased I year mortality. This noninvasive and inexpen-
sive technique may prove to be a useful means of recog-
nizing high risk patients after acute myocardial infarction.
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